promotes Lm proliferation in host cells through excited protein molecule polymerization and also plays a role in bacterial internalization into host cells. Internalin and InlB are membrane proteins that facilitate the entry of Lm into (Decatur & Portnoy, 2000) nonphagocytic host cells (Decatur & Portnoy, 2000; Moors, Levitt, Youngman, & Portnoy, 1999; Shaynoor & Pascale, 2002) . Limited studies on the molecular mechanism of Lm invasion have mainly focused on several known virulence factors, including PrfA, ActA, and SigmaB (Dramsi et al., 1995; Gaillard, Berche, Frehel, Gouln, & Cossart, 1991; Parida et al., 1998) .
Nicotinamide adenine dinucleotide phosphate oxidase (NADPH oxidase, NOX), a well-known reactive oxygen species (ROS) producer in animal and plant cells, is mainly composed of five subunits including gp91 phox , p22 phox , p47 phox , p40 phox , and p67 phox and activated by environmental stress to generate ROS that in turn modulates signal transduction and gene expression regulation (Luo et al., 2013; Schwab, Hu, Wiedmann, & Boor, 2005; Travier et al., 2013) .
NOX has been reported to exist in 19 bacteria (Lin-Bo, Luo, Qu, Xiong, & Li, 2010) . According to its biological function, it is divided into three groups, such as aerobic bacteria-specific H 2 O 2 NOX1
(H 2 O 2 -forming NADH oxidase) (David & Mayhew, 1998) , H 2 O NOX2 (H 2 O-forming NADH oxidase) (Schmidt, Stöcklein, Danzer, Kirch, & Limbach, 1986) , and NOX3 ultra-oxygen anion(O 2 .
− -forming NADH oxidase), respectively (Higuchi, Yamamoto, & Kamio, 2000) . NOX research in bacteria has primarily focused on Streptococcus and lactic acid bacteria. Koike and colleagues (Koike, Kobayashi, Ito, & Saitoh, 1985) first discovered the activity of NOX in Leuconostoc mesenteroides. Patchett and colleagues (Patchett, Kelly, & Kroll, 1991) observed NOX activity when studying oxygen metabolism in NCTC 7973 (Lm strain). Researchers have characterized a series of NOX isoforms named gp91phox homolog, which includes NOX1, NOX2 (gp91phox), NOX3, NOX4, NOX5, DUOX1, and DUOX2 (Adolph, Schoeniger, Fuhrmann, & Schumann, 2012; Kuczyńska-Wiśnik et al., 2010; Schillaci, Arizza, Dayton, Camarda, & Stefano, 2008) . ROS generated by NADPH oxidase can trigger host cell apoptosis when stimulated by exogenous signals (Garner, James, Callahan, Wiedmann, & Boor, 2006) . However, the role of ROS during pathogen invasion into host cells remains unknown.
Only a few studies have evaluated the exact relationship between ROS and Lm invasion. Thus, we investigated the role of ROS during Lm invasion using DPI and NAC to induce ROS in Lm. HepG2 cells were used, and inflammatory cytokines, TNF-α and IL-1β, in cells were also detected. 
| MATERIAL S AND ME THODS

| Bacterial strains and cell lines
| Determination of Lm viability
Bacterial suspensions with an optical density at 600 nm of 0. China) with some modifications recommended as per (Schillaci et al., 2008) . 20 μl of 1 mg/ml MTT was added per well. The plates were placed statically and then incubated at 37°C for 4 hr. The supernatant was separated from the medium by centrifugation at 2,057 g for 10 min. Insoluble purple formazan was dissolved in 150 μl of DMSO.
Bacterial viability was assessed by absorbance at OD 570 nm.
For treatment of Lm with NAC or DPI, the suspensions at an optical density of 0.3 at 600 nm were mixed with NAC or DPI at different concentrations (0, 0.1, 0.5, 1, 2 mmol/L) and incubated at 37°C for 14 hr under static condition. 200 μl samples were added per well, and absorbance at 600 nm was measured with a microplate reader.
20 μl of 1 mg/ml MTT was added per well.
| ROS detection
Reactive oxygen species was measured using 2′,7′-dichlorodihydro fluorescein dictate as probe (DCFH-DA; Sigma, California, USA) as Devices, and USA) (excitation, 488 nm; emission, 530 nm).
| Lm invasion assays
HepG2 cells in DMEM (Gibco) were inoculated with bacterial suspension (1 × 10 7 CFU/ml) to obtain a multiplicity of infection of 1:100 for 1.5 hr at 37°C in the presence of 5% CO 2 . After infection, extracellular bacteria were abrogated by gentamicin (500 μg/ml) in PBS (0.01 mol/L, pH 7.2) for 1 hr. HepG2 cells were washed thrice with PBS to remove no adherent bacteria. Invasive bacteria were harvested after HepG2 lysis using a lysis solution (1% Triton X-100; Sigma). The concentration of invasive bacteria was determined by measuring optical density of the bacterial suspension via plate counting. The experiment was performed in five independent experiments.
| qPCR of TNF-α and IL-1β
After Lm invasion, the RNA of HepG2 cells was extracted using
Trizol (TaKaRa, Japan). qPCR was performed using the PrimeScript™ First-Strand cDNA Synthesis Kit (TaKaRa, Japan). The primer pairs shown in Table 1 
| Statistical analysis
All experiments in this study were performed in n = 5 independent experiments. Data analysis and graphical evaluations were conducted using GraphPad Prism 5.0 (GraphPad Software Inc., San Diego, CA).
| RE SULTS
| DPI and NAC significantly downregulate ROS without affecting Lm proliferation and viability
To explore whether or not DPI and NAC affect the growth of Lm, is more sensitive to the DPI than NAC, and EGDe is more sensitive to NAC.
| Lm invasion is enhanced following ROS suppression by DPI or NAC
In order to evaluate the role of Lm-produced ROS in host invasion, Our findings also raise questions regarding the use of antioxidants in over-the-counter medications and supplements. As this study suggests ROS enhances Lm invasion, evaluating whether antioxidants promote an increased risk of certain microbial infections warrants future investigation. 
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